INTRODUCTION
The process of ultrasonic-welding is widely used in the industry. Nevertheless, its numerical modeling, essential for the aeronautic industry, is quite difficult. Indeed, there are two different time scales in the process. After explaining how the welding is proceeded, a method of time homogenization is presented in order to write down three different thermal and mechanical systems of equations. A numerical tool for solving these equations is finally introduced: the level-set method.
BODY OF THE ABSTRACT
The study consists in modeling an original welding process for composite material with thermoplastic matrix. Triangular bulges, called « energy directors » are molded with matrix only, on a width of two centimeters on the border of one of the plate to be welded. The two plates are then positioned in order to cover each other on the width of the energy directors. The process then consists in applying an ultrasonic (20 KHz) sinusoidal compression stress between the two plates (see fig. 1 ). The strain concentrates at the interface in the energy directors that melt because of the viscous dissipation. The triangles then progressively flow on the whole interface and perform welding of the two composite planes.
Fig. 1: Ultrasonic welding of two planes
Even if no fiber crosses the interface, the cover is wide enough to transmit the stress. This would allow EADS to use the process for structural assembling. The work focuses on the modeling and simulation of the melting of a single energy director. The displacement can be decomposed into two time scales: a "micro-chronological" sinusoidal displacement due to the short period of the ultrasound (around 50 micro-seconds), and a "macro-chronological" displacement due to the squeezing of the director during the process (around one second). Since time scales are well separated, a time homogenization technic is used to model the process. Asymptotic expansion in time allows natural extraction of three coupled systems of equations. A problem of micro-chronological mechanics, which is formally an elastic problem (in a certain temperature range). A thermal problem that contains a source term given by the microchronological problem. And a macro-chronological problem, which is a visco-elastic problem in finite deformations, the parameter of which are given by the temperature distribution. Finally, this last resolution will give the geometry changes of the director that are needed to solve the micro-chronological problem.
Fig. 2: Solving scheme for the three systems of equations
The solving scheme then consists in solving successively, for each time step, the three systems of equations, using a finite element method (see fig. 2 ). The macro-chronological problem implies free surfaces and contact zones. The problem of the moving free surface is treated with the level-set method in an eulerian framework, using the X-FEM library 4 . The global domain evolution is therefore governed by the level-set shifting computed from the macro-chronological problem. First results are presented and compared to experimental data.
